A sex-specific marker for shrinps and prawns The
present invention relates to a sex-specific marker for
WG boonpe4and pravvns Mor e speC| ficall y, it rel BCBEP1007/654041
sex-speci fic, PCR- b l? k y derived from
Penaeus rmno’éiéﬁx'sf’ﬁ% i ANt °r§é‘&'"?'°os i RN the sex
in shri s an s and can.be used for an
The piksint ABRIST ReibleR el SOt Habtiks IR hal o BIPsg B rgwns. More

specifi@ly, in relbtes Mp sasek-greaifin PORIbaskd endidulan etarkénridegbd flom Penaeus

oSBT TUARR S Y AU TR B RO s or
any andl élUl‘eﬁﬁureernﬂ hat aarwurprtaavrdenamlntna‘mam ioDyeAsttt seamhestirn@and prawn

t { th
nctudft Byl AmED e 56 Poinoften & by e Fimblaofc Belaagon of genetic
sex ohlag@léntﬁriaﬂls/\ﬂnd sattidzpud n@eosq&rchMresJ unbo tiger shrinp,
ue .t

Shrlnwaqrﬁvaw Ithl tlogodnidﬁrag&l%a Wyt ﬁ]rpgﬁgrgqq%@@fqllﬁlvrgir [ﬂ%‘ v'vo'r?d’. The main

specips 0nldes tcuinattin aﬁb(ﬁl@ha@tﬁ)nﬁﬁlﬁddnqmm tiger ROOY; Juatbd tiger prawn, Jumbo

. Penae nanei eg shri ite shri S . .
tioer HiAP et ig et ue TSR RSt - chi T eytivated in Asia
with é'dnaiqbamlﬂturamtdﬂiuaumrlaqﬂabmuttaﬂoa)qmrtmdues iro2008aand Fenaeus vannamei
(Whitglgggghr%guwg&q §hrmr50n0d L}Pg’%r‘?(’;ﬁﬁﬁ‘?eﬁ‘if?%gﬁggm in China and Thailand,
with lancaqmmulnge deodunctionf that aguwaaylatabie tprB.dueinodon.mEam those species,
ncrea in r.ess?rﬁ for tge devel opnent of nore
aq“a%Lth“fe P %‘?6@88? ey More and more, nodern
Incremﬂema‘,nc&rfer a@.@duhmemmn sicac hncraasrr@vmammre fonthe development
br eedi n r par.ame Hul at c res

of megh GHAANE ARG Sy b Bty sni otk Mo GRBRTes, f et o support
stock DiAravernicat thla)r&chxmapragi'eanmet éHulzed 2001). Benoinic research and gene

mappln@ecﬁ ve}oyeﬂga%éggﬁrlf {eggﬁfvtgneﬁ, gl?\?\emggﬁ%%( @L%een @am%etrlzed for use in

estabReliegepesdigipes, dinkagemappihy and identiffing Qudatitafiver Traithdci (QTLs).

f effo h
As mbPesous SBAihuiely ot  IaraRRe RS HALc 9oy ' §F of effort has
been anadaTto fihdian religbleDses mearker| hick scouBekielpah spttigpep and maintaining
mon BRI BTG5 BB BB Qg Rlas Rl o ot et
mark&8 RporePefraz 1899; aNLIso(n%?M) ’Z@Qﬂ)l IPSr’eedet al. $20043 pebl;shec a sex-specific
Imkag{gé&é@gq? tﬁ?ﬁ\gﬁeaﬁh&"ﬁ) élti%é%?” Igel e %\?Jeﬁﬁ\éjﬂ Hﬁerpot |pent|fy a sex-
linked Irrrﬂ(mg‘eorghm{qge droupt Liakt a( 2(QOG3) disslosexs @dsex-specific Ilnkage map of
cific, linka of Penae oni g

e e nm a
Penad S EpRTRL T & R Pr Atk EE P e MRy Rant an, 2hano et al
(200&)tpualishe(j Zlomﬁagqamlaplotﬁ ﬁ’edarmaknank/atjj&axamked mitrosaeliti@mearkers present
on th]e ftﬁgﬁa :BI ﬂ]kﬁget I%"ét gv{/(? té;%S%%%gggérk?h% ggé\%gﬁnetrt%gomatlon was not
challehgrd aarokg rgeaslmatty atretatediagividobls clh ahdudd be diressed dhat the relatively low
ual S It shou

numbge ztl Cal LY ulgre Y % Igdln 9 e. ln I-b milies) leads to
[ s arobie WML APYTS PORRRLRSCFe g1 Nkl &

relativaty losgstreichés of d&emgsmdespbqemg at Liokesge( Ilsgqunitaiufn @ily. Consequently,
in sufl'ﬁ[nral | es%%(é gﬁ%agisr ¢l ﬁ?h@e eg%%nsrtnfa F%ﬁ (SE%)dimorphism results
from @onsetuendf|tte paputatioh rbthekalg;am $roudithes tlgmthphmas:enlnleetge Therefore,
markersgf‘ounoDwa (Ia‘n V\a/%eenanmf‘lyrsll(setro baenlgl Rog!) tlgllthe S x o errrl] fraﬁ?o dlscrlmlnate between
the two sexes in a population of unrelated individuals. Indeed, Li et al. (2003) admit that the
presumed marker is not necessarily linked to a sex-specific sequence, and no sequence data

are disclosed. Moreover, Zhang et al. (2004) were unable to identify sex-specific markers in
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fromthe nature of the population rather than fromthe
ti ght physical |inkage. Therefore, markers found via
wo povkagr4anal ysis to be |n LD with the sex of t BeT/ER2007/054041

PenaSl?s g{hlﬁlgfl%%n 8%‘% ﬁbqb&t-'l\é)g gpgroa avslseel)f?(%grlt'nrr]lg%t %1512;(58&3) could not
identiydsdxtspiebiéit ntdnieerp meBenaeds raink@on.i s not necessarily

ed to cific se ue no sequen .
surprgifalf el R BRSOt i, VEre SBR g te B oaF gt A rg, e specfi
sequem)abbﬂbvmﬂg iudembigupus eEx ﬁa@@mfnlaﬂorimf kethsmakBeimaeletales. To identify

sex-sgkﬁhcla enS| S u3| n s?cgf;?@d%fs ggﬁ'fgggrﬂ?ﬁna’?ééﬁ(gﬁ’using AFLP technology

was wﬁomae@m Pe:@admrrkmmionmﬁm&esaemngd\m peHormed 81 orgd gxperimental
0g ble to ate a awn_ .
mapnfio SRpHIAE (GIRRR P YatEr Bate st RS fy HhRE  adaitonai
expetﬁrﬁdntdlemepﬁhgqidporah@rﬁs bﬁd tin malaage astdoff @irelaas). WT(?}lc(:aught adults. Two
SEX a ar u
markg§ v p S SRaRLE e AR KEPT B0 PRYRe it FuBbea o AFLP markers
was Jueséquenty corveRed &eal & ORobaxdaIto- d%immamttmeakerscr eeni ng was
n. one experl ment a

| . .
A i ianBHapE ML VERUET B ¢ WanRevs Soane aRPPHiEgeRencs, sex-speciic
sequéthd| tasonsdd @sieermeast &iatn‘ﬁ@mquermpuhratbeomecaﬁ& Uﬁar&blguous sex

o I f

aiscrfaSn BEbyeenanibs a8L Frulbs. FrBrall: AP St SpaaiQoERRIEL imitea in

Iengtl@’lﬁb QﬂIOWhEISGGEIS\yDIdAEﬁRaﬂm kcﬁr smwasdlﬁerbmueemg,en male and female
m nant.

sequ%{gcsg CI{/IOE% pr{a%éaﬂ?%vsgﬁf §%sqe§|?8 Sﬁglé%ﬁ:e 4 nNQ n’athmpr:gbthén f2560¢' tnucleotides in
lengtls, exves peare fplrefelﬁeq'umiﬁ oeore Heaor mmmtfcle«batusaq leean morasraﬂ@edly not more
that t n
than B0 TP BRGHS. 68 alele APl ool Bl e 25l wiepiges in lengin. Most
prefef&lyaka:’!s sei?-rsﬁéclﬁl‘cabéquensallsjc@ﬁp(ﬁskrmeSEﬂ D slecuendyer 8BEQ ID N°4, or a
B RN IR T T (i -
considfirgeof B =MD ¢D abByAncﬁmmbrSENed eertiotintert éjaseqeencs congisting of SEQ 1D
TN D FEN TN T S —
carryipged eeaisbgcuﬁrotsmgmr Buctld?taide&ﬁt@ymtbrphem (SheB), apd/en antingertion deletion
NoR)SH e ey Ral el e teri Sl SRt e SP anor moeL
As a mon-mmtiiign@(afﬁh_:@ |S|a|d\br.330ﬁlﬂdfa§ﬁneﬁE@ﬂna‘li% a GINFHSltuaée_zd at position 1086,
re i, ment.
121, J81 350 o ar BT SrEEIFTR 2o uin et R LGy e 4 B Rion 62, 11-
117, Anbtdreyorp? S ef r3HD enbndmemreﬂeﬁbay smwammonmrfsagsmemgs a primer
consfrSEShEnd St SRR B SR 204 s cam e
amplifatheydexgpacifie INBPe citlated sit pgsklﬁaom utl-e 01 ofl SEQLIDY NO3p IPreferably said

prawr$ S'ﬁg’l{gﬁ? g/? ﬁégsa ga #183§m§¥ ﬂp? (’eg?? gﬁe ol#vegd'e%{’e pre%ra%ly Said prawn or

shrlmsexas?mmefm Sp SKeluaimd/ but dd‘t\Iﬂ]EIlIed £ Pamionodadr, IA. vamgamei, P. japonicus,

eci,fi.c. fr es, a P . ,

P ind BB, Brd s Pr s st M T tros Mok S reRatiisaid prawp or shrimp
is P. @8hodifn. SEQ | D N 3, and/or and | NDEL SI tuated at

ositiqgn . 111- 117, 216 nd/ EQ N 3. .
anotfi ebrddii e AEliar e oi 615 ARATSRIT ARG ihdpierine e sex i
prawresDany stsins, POReffased bharkerpas uﬁd tegre dan%@dy&uwﬂalmcmBE@uence that
ovon A Tl PR f b 126 s AR W g grrrsy, s
mark&EQ lided i3 lenBthe fte aildW yin Saisyl identification of small deletions. More preferably,

said marker is not more than 2000 nucleotides in length, even more preferably not more than
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prawn or shrinp belongs to the famly of the
Penaei dae. Even nore preferably, said prawn or shrinp
W0 soo12ewneus sp., including, but not |inted POI/EP2007/054041

1000 FRP Gk Bie BRVE Brarerebly Aehae t3, 50 sLPFpEHER; plst preferably not
morephie&f ﬁ(ﬂ(ﬁhhgveotlﬂa‘s d1f Iph%thOCIeISchldrﬂquSnd;]é ammmmf e may be any nucleic
er .a ct.of the.inventjonds. t e
acid $sgRenss JATRET. B ndh MueR YT PN B a0 YRS 186, FER tephnology used
may Bdélranp'mlCwaB@%dJa@:ﬁdolﬂgy keown as thl@@drdmers&dll_ed_an the agtnyPreferably, the
ampief s onRS i slEMTREE e Blo Moo ot efhtly Gonsisting of SEQ
ID NPy erﬁcESEﬁlI 1D, NS4 it enfandnmnal Eadméﬁttrmﬂemfncérmh@g & sex-epadiflcd®NP and/or
i dentification del et |

INDEf BRI oS Hiakiis Bl e plife™ ssiiiies g She group consisting
of SEmm:J re‘ou ladeSEICnID Shgle )i h’refenaew g eraphelt endrop jbebags tonthe family of the
p 00 nuc f %g a\@tl) nor e refera%x not ﬁd but not

e”a?’ﬁ'ﬁﬁ 10i4} ’ﬁ‘ﬁrcq %r8 Srfl% s, R, 'glcﬂ V %ot prhﬁ uding, but no
limited @0 Pnueineddn, d-?:‘S/annarhelhg’t Japohlaad, . dndicistl Ps egpugrieresias. schmitti and
P. st@[ﬂsgrﬁoﬂols Pﬁe¥eéatﬁ¥ On %%b%hgﬁladﬁﬁi uenéorb&l{ﬁ%héhd hegdetectlon of
the PIOSsbamgldagyrkes derﬁ‘&yalby:‘ dany uBiGR-2b rS&ebdsed tacinotgykivasvolear for the

to t.he person s art. Preferabl h

persogosfitkg BE “Eoarielfl Ters Behtfiades.; sithr e Bolipt fifed 1o DNA-DNA
hybridization| ﬁildfrg arrﬂiprtECmfo&fg@rc&rbDMAcmelﬂngtprasf@ps;faltﬁE@ﬂ B &brdbination with

and,. SE or.a functlonal nt thereof,
PCR ARPyiRT . gab g ushl it i Ok T e PRI edBRET o1 b .
Still agather asmrelceof the irsepiort is e:dnelmbtmgf @erttlmmmmasmdreeéﬁdjlfur@m prawns and

th E
shrimp S AP S oF i SO OEIFTIRGU W PBRIL™ 40 e PARIgT The POR-
basedbex Idete_ﬁennamrdem bé&wesed Imdstlrmﬁrebah/byn nsaﬂesjamli tennales, and select
the orfggki?gﬁotéiﬁacugure@aﬁﬁ\g rs {] Cq gpggﬁﬁ%q?gg% E,ul?l.,rﬁ LM LS dchgre does not
impIyntBagtJneePGR:sbasE’d seg hftérhiinaind decosling tor thet |nv<§nt|oM1§ktouId be used in
ovn L1 R SRR g BASHR e mvenion my
be ugadeberaabbry Imhulmg emmutp dn BRsblastith deledmodamgstic fetnales, which, upon
for the on ski

crossfnlgsvﬁ odré?geagnetl d esaélvouﬂ)ctglv% 8tcomprﬁ?? 2(raltm[f?t{hat rﬁlﬁogametic female
offspﬂi‘r)d;)resdlitmgtlm amornvisex oulture. Breteeatinadio gyetiord ddprises thengse of primers

setecfifliar PR Badfisbordld 103V PRaNSELIT 2 Gren puore proferavy,

the safamémze aepltsc by tht iIPCR-bagddeex aemeninatibn tuh@elemeeniromnthe group

consigiha QS N, BERAD'S: BATDRRElo Bt b e ReRaf Hiving a sex

specific SiRliang/ot leDEE Pref@nbllyosald PrewrPGRishrad s#ongs to the family of the

det erm nation can d to di UIS bet ween S
Penafufy BV kR oy Palf A Pl el € BepB i PN Ro. but not
Ilmlteﬁidm@va’ronod@rt tR. n@nuqamal Pofa@semus;LFP tintieys, & mesgudetsés, €. schmitti and

t he PCR-based Sex det erm nati on

P st AR ra gt MRl SR YO SHOUT @ Fod UGHT! n every

culture cycle. Indeed, the PCR- based sex determn nation

j j LaQn may be used, as a non
BRIE?%%%%Q@%I ei I,Itﬂgpﬁggsel ection of honpbganetic
Figuré ¢ n@brstypimn o5 bropdstock mmlalngsmgtthe Imﬁgamekerc mal es,
. woul ive. a co ely u rman a

Figurf e et gt o T R Ree B R EET PRbSnt (&) ana PoR
fragmién&sf Lesed ibryobéainidg mfamdeqlmmpe ot ftdyenens B-OF). pri mers
Figure 3: Melting curves for RT-PCR amplified SNP for female and male P. monodon
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selected fromthe group consisting of SEQID N 1 and
SEQID N 2. Even nore preferably, the sequence,
w@epriitized by the PCR-based sex determ nati on PGI/EP2007/054041
selected fromthe group consisting of SEQID N 3 and
SEQID N 4, or a functional fragnent thereof, carrying
EXAMPBBSspeci fi c SNP and/or INDEL. Preferably said prawn
Mat Ishr l\g?t § stot efamly of the Penaei dae. Even
ae%?e@"ﬂr bodp S es?a’fad“ F?\Wn or shrinp is a Penaeus

Animalp., includi ng, but not limted to P. nonodon, P.

nanei . .P. japonicus, P. indicus, P. rgqui ensis, P
Four {RABaeeiicpdsERT MRt esneldlon BY Erossp dF AL Bapkd 10100 and
|C67 ywitvivoamals aninmgds (AL 9F.anopLOgDin. allB&IrFosBIEBENBIHaGbhOfsee Table 1).
THE FI GURES Figure 1: Cenotyping of 52 broodstock
animal s using the | NDEL-marker. Figure 2: Schematic
representation of the femal e-specific AFLP fragnent
(A)_and PCR fragments used for obtaining the full

Tabl ny(of the four half-sibemapping pepulations used
in this stwdys f or RT-PCR anplified SNP for female and male P.

nmonodonEXAMPLES Materials and Met hods to t he exanpl es:

Ani mal s Four hal f - si br’imgg gg pcerlul?ér (Wﬁjﬁ) Number
and

Population eferhglecrmalei ng ﬁg ymal e g&g ( of
[C67) with two nale afinare’ (ALof AL99) I°n al |__doubts*
four possible conbinations (see Tabl e 1) . Table 1:
Parent s dGdOGumds1 of pridgeny of tIS& four haldb-si b 11
mappi ng popul ations used in this study. nunber of
nuBber of IGATMbeALAf NuniidB8 Popul at i6@n f enmal e 45al e 6
progeny femal es mal es douobfts* A 1 Cl00 AL91 111 55 45
1 € B |CdC180.91A119B3 62 4206 C | CLOBG9AL99 120639 6 1 0 0
D I C67 AL99 120 56 57 7 * The phenotypic sex of these
i n@® vi dualGs7coAlbInot be2ananbi guossl y det er diTned. Al |l 7
four parents were recently caught in the wild. All

* The@heBS1§Eic\eex% ef hesd PidVeliaktcoMaaivd bé @aaMBIgagULE detbitined.ne
mappi ng popul ations were harvested at post-|arval

stage (PL) 120, when the sex of each individual could
All foyp P %d"‘?\}iﬁ?trﬁc%[ﬁ'ya“@é’@m Hpithe wdgr b8 Gpssesr valienpgrforngd at Moana

Techﬁkﬂ@duéé ORe. ﬁh§ﬁ¥ap@fng%d@1ﬁt@h§h%¢e Wahlésfé@uﬂhéosﬂﬁr\'iﬁﬂs‘-’eage (PL) 120,
avai | abl e at Nbana Technol ogi es, |nc.

when; tH%hSW d’uﬁ?%h Tehvidyzs gaul F@ea%%?é%’swtt% @”tqcﬁﬁ?tﬁg@s"e@feet Plecertainty. In

additiBRYs k&tadf s2i unkasRd b\ﬂﬁ%@ghﬁéﬁn&@w&%llé’fﬂé‘ at MBana Technologies, Inc.
potential sex-markers identified in th

Thes%w dualsoyere %;egl;togﬁ%eér{hﬁ&ghtness of the physma?l‘ljlnkagge between the sex-

locus and the potential sex-markers identified in the mapping populations.

AFLP screening

DNA was prepared from snap-frozen pleopod tissue using a CTAB method optimised for
shrimp tissue. AFLP analysis was performed as described by Vos et al (VOS et al. 1995).
Genomic DNA of the parents and progeny was restricted using EcoRI and Msel. Double
stranded adaptors were ligated to the ends of the restriction fragments. The digestion product
was diluted and pre-amplified using adaptor-specific primers with a single selective nucleotide
on each primer. Two pools, or bulks, of five individuals of population A were made at the pre-
amplification level. Within each pool, or bulk, the individuals were identical for sex but arbitrary

for all other loci. Selected subsets of restriction fragments were amplified using AFLP-primers
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DNA was prepared from snap-frozen pl eopod tissue using
a CTAB nethod optim sed for shrinp tissue. AFLP
w@eassi2g7 was perforned as described by Vos etPEI/EPMOB054041

SEW LI TG T T
sequerttiiaf gelsanmkevisudlisgatsdg LDCDRelRétH?bandbg%hle restriction
ment, s was di | ute

AFLP R a5 SoRG Rtk aPS SHBc ol e TFER) ap popuiation A
(i.e. tsatngdre psedeacini tie twadl cdreaié ibdiks ot ratGh thy twemale Thuks) d@ks considered

Qqr, bul ks f five i ividual,s of popul,atjon A wer.e
candiffelge ST SHeRHC JPART [ TUPSSIONY H6sP CANERlc, SePGiiGomarkers were
testedonhtbié Koulkebesanmadess frdmaihe thveseerenasming e@dppingr peeiatious. Markers that

for. al.l other

confir?riegiité]%@{&\%%%leftiloggtﬁéﬁ{ dn \}\%e:, ?%%ﬁ?ﬁ%?er%&%%ésargaﬁféeé v?efre then tested for
linkagdRbfresdxetsciartaah bf g f@uranabpingopwdulsiehect i ve

nucl eoti des. | fi ion reactions re separated an
To fiRlfpaSastch: BTN o aha GebliRe belrdliastilaeR M, Mkage, we
genotyped thel e wf 5Abhieldated Wid-sadghe ibrobdstockyainsets @pe tur ipardnits from the

MRS T E T EERE LR

withgeat in the two mal e bul ks) were consi dered candi date
sex-specific markers. Subsequenlty, these candi date
sex-specific markers were tested on the bul ked sanpl es

Sequénagmy t he t hree remai ni ng mappi ng popul ati ons. Markers

at confirmed their assocjation to sex int three .
To ol FanEBaRoRa s ER AR nBRMBESL g fisPREsuEEe primer was
radioAaivelgdatstizd | usings *PrABRICANdoBmblifeafiouiprochefs mgre separated on a 5%
opul ations. To, fihally assess the strength of .the.
conaPfi S B ke i e BoBERT A PCHBLAGAF R yudriloaraphy. Afer
visualigation ythe bahbie weed exdisealframrtied gtlednaeluded ragihents were amplified and
éF%r odstock) animals (the four parents fromthe
sequ 8@1 ng popul ations and 48 additional sanples) with
the AFLP markers found to be in |inkage with sex.
Se ncing To obtain sequence information from AFLP
PCR ﬁg’%ﬁclag?nt he EcoRl -specific prinmer was
Most IRCGR ocattione Wwerd abdbied st xRE R BEHéTSupptednemtgad ivth clab ingful of each

. product.s wer e a ed on .a . .o% uring sequencin
primely 79 1o R0 RGP 2 S SOVBGE! PLRE g o8 pBRALRRE A% 100 ng o
templatet DNAdI ogr aphy. After visualization, the bands were

excised fr § el ., l.ut ed fraqments re :
Por (5 Phifety AP CR R ABERRR W e PRIRT b WL Folume of 20 ut using
100 ngeatyeamsicvBNA gsea ftemplatk. i ThexPattioauhixere sugspheatettte @5 °C for 4

. with 1.5 / of  each, prinmer, 0 i fec%gl
minulgh g RygivPe 19 e Stie8 G 58 sear. g ferdfiiafon & i “a060 geonds o
annealingtarg2l % endBA. seBiiIsus| giongatiomat 32 ATT GAalll, anchdditional elongation

T - 2 e~performed in a total volunme of 20 m

step (ﬁ; '%ﬁﬁ@\{\ﬁg 8fwa§é’r?5{§{eree as a tenplate. The

PCRY esied pimemAKTGCA-Waohbatadion ivith PEimees Meel+GOA oruNlgs+AAA and PCR
usingggrkrh%mﬁg'&aéég?gHﬁ}égrlgs%at%n %ﬂh Sperlcr:r?er}décogHRi | %\Fe% a&e'rfSPme‘% in a total
volume of 50 pul using 5 pl of a 1/20 diluted preamplification reaction. PCR reactions were as
follows: 35 cycles of 30 seconds of denaturation at 95 °C, 30 seconds at the appropriate
annealing temperature (55 °C for ATTGCA-1 and 53 °C for ATTGCA-2) and 30 seconds of
elongation at 72 °C followed by an additional elongation step of 2 minutes at 72 °C.

PCR for the INDEL-marker were performed using either radioactively or fluorescently labelled

primer INDEL-4. The reaction was performed in 1xPCR buffer supplemented with 0.3 ng/ul of
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anneal ing at 52 0C and 30 seconds of elongation at 72
OC. Finally, an additional elongation step of 2
worzevatzx4at 72 0C was perforned. PCRs using prPeEEP2007/054041

ATT -1 ombi ' W t h [ rs I 0
each pbeh Qi SiR LR s Fimdr Mg agiods T of SathpBherasy and 50 ng
of genbrnic PNANETheER@BlicrAIXtuwer wag aedtod nedsi aC for tdoinadutesy felieved by 35
of m_ using 5 f a |{ uted preanplificatiop
cycief it 3B, HootB AP pendlirehn B ot 4 el T A Pedinocd 57 % and 30
secorif3 cﬁ&sl@‘rydlﬁombt denat Lﬁ*iﬂéliyoan atid@&ﬂ@,br@@t@eei@pdﬁ 2aminiubes at 72 °C
appr te nealln te ture TTGCA- 1
was SRR BoTE TSR AnElRE! B TR e ssghusfll I e as for the
radio-aictive2ardlydi saé*crawetﬂ]abg OannlﬂdﬁlllRlelabeIII&?mIgHIELem pathepwas added and
' s_ at PCR for ker were
0.3 L FNPIEESS Smdr PAER &0 EREF LA AN G BHE 1 wor becent | y
| abel |l ed prinmer |INDEL-4. The reaction was performed in
Tabld Z:H@Rnbﬂééﬂen&éﬂ?bémﬂﬁﬁswgﬁl 0.3 ng/m of each
primer, 0.2 nmM of eac NTP, 2.5 mMof MyCl 2, 0.025 U
of —Taq pol ymer ase and 50 ng of _genom ¢ DNA,__The

r eptimdihamect ure was heapgdet Seqroride (503 4 mnutes,
foI | oned by 35 cycles of 30 seconds of denat uration at

of E% é&lﬁ A‘?—JLP72 OC. Finally, an additional

ep of 2 m erforrred
b AR
¥ sﬁ?‘f S s 9 [ ve anal ysis
t 0.03 mM of I r
it o SEROR e
se are given in {58 85 ATRE e AT
s used in this r Pr|
&ﬁﬁ'c (5'-3') EcoRI - %@gﬁyﬁgé&ﬁﬁﬁﬁ%
RElOSATT C© Msel - speci T TeArB TP PR AYEACETA @@(EG
AGI_AA ATTGCA-1 TCT AAC AGT TCA T/-\A AGC ATC CTA T
ATTGCA-2 TTA AGC ATA TAC TAA GAA TCC AT | NDEL-4 GGG
GIC GCG AAT GTA AAA TA I NDEL-5 TTT TCA AAT GCA TAA CTG
TTA GCT G SNP genotypi ng Genomi c DNA was prepared from
SNP gergb@ing sampl e of tissue (e.g. 5 nmof the tip of a
Geno\‘\ﬁé bNAgwal %ﬁgaelpeg@idsl'f?&ﬁ 'a@nélpéan%le Ik ﬁé’éu%s(e%t S%IQEd[g_?_hgﬁp Bk a walking
leg) byj)eatlrrg]g)rs’ignrﬁqnggas\,@é@é Qdfb%@@' @fnaW(%'é‘eéYﬁbS l?‘!ﬁ%@%fn'v' RIaOH 0.2 mM

EDTFUSHt=r ab). %E's%‘ﬂ]ﬂ?ég Were é&bqbd% Tcre' §ﬁd’|¢$ uPB\‘ rre&?ah)f@tﬁ)n buffer (40 mM
PCR was perforned on ed

Tris- I~[§NwH PERVAR YR PERWwes B%‘?‘Qﬁ@e'é’i% 5 Hrbl%fhen%ﬁ’ §%?d BNé\en

PCR WsRpstp@ed ustridDFe @Iétlnﬁhﬂgﬂ/ﬂrré}ggﬁ‘)qm @gpeﬁHDUQD% kit (Invitrogen)
Fenal eFor war d Mal eForward 2" and Rever se

using; mmqrg|Fea@}9§puq/quL%r{\A§Ip69rward'2 and Reverse_2. An'lnltlal denaturation step
(5 minutes 95°C) was followed by 40 cycles of 20 seconds 95°C, 30 seconds 55°C and 20

seconds 72°C. Reactions were subsequently denatured (1 min 95°C) and renatured (1 min

40°C). Melting curve analysis was performed on an iCycler system (Bio-Rad).

Primer sequences:
FemaleForward_2: GCGGGCGTTAGCTGATATTCATAATTCATGCTC
MaleForward_2: GCGGGCAGGGCGGCGTTAGCTGATATTCATAATCCATGCAA
Reverse_2: AAGGGGTCGCGAATGTAAAATA
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(5 mnutes 95C) was followed by 40 cycles of 20
seconds 95C, 30 seconds 55C and 20 seconds 72C.
wae@ctiznaws wer e subsequently denatured ( 1 m nPOBEP20aTIOR4041
nat .40C). Melting curve anal ysis was
Exa"ﬂ"j?ﬁow'ﬁébe g%ergﬁ] B9 er system (Bio-Rad). Primer
In a fist gueRniRg; wgemymmﬂsmatew 1,408 AFLP primer combinations on the bulked
e

geneﬁmmﬁsﬁgﬁfm&@aﬂw Bulds wivhy fregerpriheat ivith eadre diman 70,400

reenin anal tely 1,408 -
AFLP %@1%]1 m@F ﬁw@s raﬁg%rﬂévv? NsTe @nﬁfﬂﬁdﬁt@d{ﬁg 8%3/ ¥§,|%ﬁ,§ sex-specific.
To caméippittilg Hutked| sEmpdes ffom The oivel Birée afappidig oplta8oms (BYES and D) were
finger%ﬁﬁ%lg?%bgan? %geg?%%tcﬁifﬁo_ Ortsﬂlr:l:ﬁ}efeéqas n%a%bs%ﬁ:gomatlon could
be confimgste Mlif tHdsetrh@Rersfweag pestieat inkBe Yamale ibdiketbiut Blegknibfrom the male
bulk the BSA anal ysis as sex-specific. To confirmthis,
USpul ked sanples fromthe other three mapping
To deteprihathiownsighth, th@sanﬂ]dD)naN&rre Wéregiak@d itcmttlw sbrtocubesmrkers were

3 - |
scoreJu GRRER kbfh G LR Sapi PP oalieon e AedMiiH gy Bueroy (e
the nmmbEr Dfmrés ihat tildendtestalvea behk antuhe abswest of marestthet did show a

ks TodIer nehwtl ni ne
band ) BirfestE ;2 PIOpRREE o 4% ol wi o iR ey s expressed in
Tablesktored in all offspring fromthe four mapping
popul ati ons. The reconbi nati on frequency (i.e. the
number of fermales that did not show a band and the

Tablen : egpmblrﬁn%l o rrth&t d*' gﬁivpﬁ%\bv ePgen d-Lcc%)s(%ng Sggc o? tﬁe nine sex-
Iinke '?] th O Ul 1 11 I UU o

ﬁk'ers in ez i opulations.

o TAMNI CTOooOoU JlI'C O

Reconbi natl on frequency between the sex- Iocus and each
of the nine sexlinked AFLP markers in each of the four

N@EFE@&I% popul ations . MARKER (*) POPA PCPB POPC POPD

(91 1 c67xAL91 _IRQBOXAL99 | (ARRL 99  POPC POPD
E+AAG M-CGC- 72. 8 0/ 1680@1AJP10/ 121663xAbS1  1C100xALI9  IC67xALII
E+ACC/ MPGGG-183.8 0/99 0/89 0/115 0/11 1

E+AAC/ MFTAG 200. 7 1/99 6/ 94 2/118 4/ 110

E+AQG/NHCRC-888. 0 0/ 990/MP02 0/ 117 9/908 0/120 0/109
E+CAG MrGAG- 148.2 0/ 98 0/97 0/116 0/ 112

E+ACH/Ni+BEG-28384 0/ 98 09D8 0/ 119 O/8812 0/115 0/111
E+AAA MFrGTG 125. 4 0/98 0/91 0/119 0/ 112

E+6AC/INHTAG-2W97 3 1/ 96 1HD2 0/ 119 6/9 1 21118 41110
E+AGA/M+CAG-333.0 0/99 1/92 0/117 1/108
E+CAG/M+GAG-148.2 0/98 0/97 0/116 0/112
E+ACT/M+GTC-284.4 0/98 0/98 0/119 0/112
E+AAA/M+GTG-125.4 0/98 0/91 0/119 0/112
E+CGG/M+TTG-489.3 1/96 5/92 0/119 0/111
E+ATT/M+GCA-347.0 0/100 0/96 0/120 0/109

(*) E: EcoRI; M: Msel - indicating the sequence of the specific primers according to
table 2, extended with the selective nucleotides applied
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E+ATT/ MrGCA- 347. 0 0/ 100 0/96 0/120 0/109 (* ) E
EcoRI; M Msel - indicating the sequence of the
W(sp(mcz,ilﬁz'zm pri rrers accordi ng to table 2, extendedr/mPion7/054041

t he ctlve oti IledT assess, the deqgree .. .
To assesy e ‘f egr ?F‘eo ﬁtherﬁgféﬁ%% yRﬁSt"Hﬁl e S?é&%g{'morph'sm na
populdtiaerbpgesTﬁcbny ﬁnregmew addivaduand, tgerfemn' lpa‘ehbal aninedlatad 48 additional

' vidual s, t our arent ni ma and 48 -
oroodsfitdriiae: i<l ot AR R By S RelRta | irroyshoyt the Paic
Oceawl Wete ajenstped ait the eiei sexsinkbd @LFgBomereheodPaA‘.ﬂ finoC10Cl; @dLP marker
aIIeIegg%?oquA,gR{‘%@sqq @{SCt&ﬂ %Pﬁgﬁﬁhﬂgﬁeeig&k%4ﬁ) l§Neerre in complete LD
with thé&soRbHAAGhM@!. +CGC- 72. 8 and EcoRI +ATT/ Msel +GCA- 347. 0)

were in conplete LD with the sex of P.nobnodon. Exanple

2 . Marker sequencing The correspondi ng EcoRl-specific
Example 2eMarkezrsequeniingct i vel y | abel | ed. The AFLP

The GBSt R BB e RENAG e Rty e ShDet T A dmpitcation
prod@t%@%@@s?gkﬁgwn aﬂeeaﬂ‘uﬁn@belyﬁﬁw%ﬂd@ﬁﬂmet{:m@@ afidl. \8sualised using
co
autorff\q B%aprl% T}i’g 5”%% Ilicogl\A @&éhﬁ%%{%hqe?dg gﬂg Egcggﬁébﬁl' Tzlgsel+GCA-347 0
markd&ealles evevee cobfrainnid ARLR gell elytes sinbblified @gdesegesncede Because we
obtaifgigE ot e dBnraisemu IBiasnes Hessied FREoAT aBYR refbton by two
additionadelettithRclectaiet (083 AR feaicadrespedi-Hi AFIER agrotion)s The female-
specill  FARRPRAT MO GO 3P IUeY s diont S At L NEeRGSRT-728  and
EcoRseXUaINIbelg GOATE 31T .(EC 0 REotaATDRA/ il +GMbdedBért O S’mukmﬂng of the
ECORE}E%%@&%l &g%'l" %46739 uni Igéijfb&qgg' qﬁa mAa HI%QUGS gc?dence A non-specific
band EnaRperdACiHeVEs)|atoaChf 7ihe 8 EE:DIEQ-MGT/MBGHCGETSZQJS eﬂa@nént and its
ation. of _.a uni que se uec Furt her nore
S“bs‘%’é’aﬂ ROSTRRIRD AL Aiaue peRY @%WO%F@ %?‘?“PP%%YV?SPBO” making it
even dewregifficdpeci fexdgrPCR dpectifit hPGRf f@rg theésmt fraghhentef orterefore, marker
E T, | +GCAT- 347

ceorBSAERREH I 0% T s B ' gp-sominant o
markerar ker EcoRI +ATTA/ Msel +GCAT- 347. 0 we desi gned PCR

For npawéﬁnﬁc&lﬂ-r%%ﬁ%ééﬁernmg b bod}(gs 'ré?mfll e@fﬁaa{gzarﬂagy the marker
in botheferaleldng haledmgividdals.aUting pnierets ATTEOPF DandrATEGL A28 we were able
o ami & iRl BEBHee S BB E alth o o de1GR KRGO botn fomae
and rhalemdiiduae | Thasel POEiegeerts wehe solatsidroredhé gelaarfdarmﬂuenced This

ence

resultgggh?nﬁeléﬁlg-gg@fr%%l%ésiggiﬁ%awgcé%fo&&)% g{g@&e El%e% examlnatlon of these
sequaes $EEaiddi mn@@éxﬁﬁmqiﬂml pmhgsna)rphltllfne&*tretrmq&eqmes% single nucleotide

poiytrirts SeiBE i 5 IR ot TINB D BB bEms, reye the INDELS

causdd\Dke spresersed of ham ;auemenmmvtsbl aastectitint isitnaih Meelmale. This is the

|
polynefRib b Sbatie kehnbREPE TpE ing! Rhsonsd air Mie BROKIATAANI+ceAT-
347.0EABRP FfragindhMire theQaales. 34 7otlaiAreRuénaegimontation bhéhe part of flanking

regloqsi gﬁapﬁﬁ&p fraa{grr}lesr’l quv%]%ee pr];lgcg r@él#oﬁsir%c ptripneersp%'IITC%A-1 and the
corresponding Msel-specific AFLP primer (M+GCA for the female and M+AAA for the male)
and using primers ATTGCA-2 and the corresponding EcoRI-specific AFLP primer (ECoRI+ATT
for both female and male) (see Figure 2). The resulting PCR fragments were sequenced and

the previously obtained sequences were updated using this additional sequence information

8
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regi ons of the AFLP fragnments, we performed PCR using
prinmers ATTGCA-1 and the correspondi ng Msel -specific
WARWP1mmimer (M-GCA for the fermal e and MrAAA fBCT/EPB®07/054041

(s 2 S8 A A R B Rolo eEe el AT D BT (R Bebween the

male aind fombi) s€geacdivgisr det@gted Windchr @as! |pké viusRChOIf idargified ticause it is

re_sequenced and, the. preyi l.y, obtai ned sequences
locateiip I pRAEAEE agee PAPUMSRAT TPGAZ sequence
information(SEQ ID N 3 and 4). As a result, an

Exanfil o A Nes R cCloAE L TEA KR & R AT -4 136 PLvbased co-

domipaetMNDEL-maria@lr. | dentified because it is located in the

To oG TP Bk SRR R A ol L RELA PR n Cer S 576l gous marier, we

desigh&dR- pavaed aodepediftvatly | Miflify metik egienofric Clobver harbb@ring the INDEL

E+ATTA/. -347.0 AFLP. k i nt ' | [ .
poVTERISMRFROPY faapeatet oielicp-t Ry anis SNBET Baf piBEEs. an atei
fragmanpbi T6/bp tvas aeptifiedinl five usaldwsidiive feghaldsecdmilizirom population A, and

an iR HARRE B2 55 Wit a5 e T9&FHBRFR, ob i g @ Bupd gt females
are thephetarmgamptic féxith Pendeuy enoraides. ansimflavestiewat ebtatrat fogthe set of
52 QPSR OR AR RSB B compie o
with thbakx f(ssenFigareat)e Aduthdredet bdgametelates @koddstok maness was genotyped
o BEEER A B  EERTh550 8% BHEEA% P oD Lo i

sex. | NDEL pol ynorphismis in conplete LD with the sex (see

j . . _An of , 33 I b d k : :
The HR AbPutdi 8 Bk 365k Bae Pre it i BuPRle 05 % s dimorphism
in PenkiBld . npoalogomr Piis snarkers afawsnthet detbeninationoofpthet gerdicvdeixhof any P.

, h - lified k |1 el d i bed
moncfB itfifaue] PERalRRs AR HeV it TR Sadt| & ooy o o b

Penaeus nobnodon. This nmarker allows the determ nati on

of. the genetic sex of nmonqd i ndi vi dual .
Exanfble 15 80d8RERT 380 REP R 100, 3B’ SRS pssay for sex in
P.modedehopnent of an RT-PCR based SNP genotypi ng assay

for sex in P.nobnodon. To facilitate the screening of

| arge nunbers of shrinp, we devel oped an RT- PCR based
To faSMBtegihn Gicygeining afsagy nuobetshef sheimpiraekdaveloBpe anfRTGPCR based SNP

f orwar d ipers were designed for the male and t
aenoly Bl o oL IFB' STk SERART Beks 0Bt Ptk Afbrte Ty tge mate and
the fanaatilelceared ssedin AEPCR AR teembimtibn fwithad icommoaretdviersg primer. After

o5, SRS S R BB T B Er RS obsenea
while drothedsmpaledwo gpebks ¢drespuvidineg foethe syo akslas, oleseohvsetved (Figure 3).

(Fi gure 3). REFERENCES Hansford, S.W and Hewitt, D. R

(1994). G owth and nutrient digestibility by male and

femal e Penaus nonodon: evi dence of sexual dinorphism

Aquacul ture 125, 147-154. Hulata, G (2001 ) . Cenetic

mani pul ati ons in aquaculture: a review of stock
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i nprovenent by cl assical and nodern technol ogi es.
Cenetica, 111, 155-173. Khamantong, B.,
wdabawnnemgt anakit, S., Klibunga, S. Aoki, T. H pOnBP20h7/054041
and Menasveta, P. (2006). ldentification of
Sex-specific expression markers in the giant tiger
REFERENO@PS ( Penaeus nonodon). Journal of Biochem stry and
Mol ecul ar Biology, 39:1, 37-45. Li, Y., Byrne, K,
M ggi ano, E., Wan, V., More, S, Keys, S., Coos,
- P.HanBfoest . aNd Hevdit| BIR€1394).SErondid @8y nufdenetigestibility by male and

ino, of the kyrunae pra Pengeus oni,cus_usi n
ARE P R8s MORATAE FeEh e F pe U 5 torfSM ARpgiulitredibs, 147-154.

- Whaulgta V. G. 20019, Geddtic Byanigilatiéns hetaglculdde: S ravidw of stock
Pr.est on .. (1999) The devel opnent. and appli [

TR Em R SR SRR R R e Pendlas T, 188195,

- | apraninatsongdqBac Thimruanglanakit,1%:, 3KliblReyaezS. FAagki,EMazidirors, 1. and
, 2hi naul a Vol ckaer F. .and Cal deron, .J. (2004). ,
ANREsgac Pt Récoqq)-n'lg%t 'Cﬁ@?i‘ gt SFﬁ'ép%ﬂ‘%"i EXRURFSI 4 ”%é‘fﬁi%d% the giant
( igbogrenae (Penavan manmedort) aseichad of Bietkermitrikans Molecular Biology, 39:1,
A%éa [ture 242, 105-1 18. - Vos; P., Hogers, R,

Bl*éeker, M, Reijans, M, van de Lee, T., Hones, M,
- Fii,j Y.eBgreAK,, NRggiand,. E., P¢Haen®n, Mdore, 8UiKegs, SMCréexl P., Preston, N.

Zabeau, M., (1 FLP: a _newt nique for . .
£ 88 B 52000 Ponstis RePRlla ' THBE" GifGod R Penaeus japonious
Wus@AFLR matkiers. Xquadiftare 218, 143-¢bBert, S., Burne, K ,

re , n oon, , ~Tassgnakaj on ,

-GS s WRATRLTERER; o BIRRLRIHAA D LS, -and Preston, N. (1999)
KdimeedgveMpment afit appleation of g&02ip. méskemst foc thealdmiunmg @hwn Penaeus
the bl.ack,tiger shti naeus nonodon with anplified
P A R e T e D04,

- 2Pere)¥., Ethze ., Zhinalfag., Vilckaedt) F. Znd Cldlmeenn, J. (2804). A sex-specific
Che L. (2Q04). A surve f genet.ic changes and.

SHEFage mab 2 T0b ey it BB Byofip TSR iy begeq on AFLP
b mesrklérs gAquraegitersn2d®, M6-1se shrinp (Penaeus
chj ni ensi s) . el | fi es 23,, 897-9Q1 . - ,Zhang, .

- DB Jicbrs. . BRsiy, B RRné . SR8 8 Tes; o4&, Friters. A,

ZPot Xi.aRglem@a20 06 Kufbegelettind 2abekagi. (EG95pf ARt IS hew technique for
' shrinp (Litopenaeys n b )., sex-1inked
mBé\ﬁfgg'éqeéPﬁm{‘é-L'H%?@?@S gﬁ%\éﬁ’i gﬁd‘ﬁé 161rrbi nation rates.

- GANisstone &.,[ 6PYh WheadVofLegpnent §., Gukhé&/BK1.Mdorpr 8wrP@rgsomboon, S.,
shri ex-specj fic seque .2, r awn_or. shri
s HesEhakfincRe Hosefd onfimer, £ EORINZAS . dikenpay. M. and
N Bénaie, d. 2002} iGemelic hmapgimgndf thé diaekftigeBshrind Weabéwnalonodon with
fra nt,of a.pra r _shri sex-specif] ence
DT S Tl o B b AR S 2297 S o ® s

- | Zhdng.. L., Kong, X., Yu, Z., Kong, J. And Chen, L. (2004). A survey of genetic changes

and search for sex-specific markers by AFLP and SAMPL in a breeding program of
Chinese shrimp (Penaeus chiniensis). J Shellfish Res 23, 897-901.

- Zhang, L., C. Yang, Y. Zhang, L. Li, X. Zhang, Q. Zhang and Z.J. Xiang. (2006) A

genetic linkage map of Pacific white shrimp (Litopenaeus vannamei). sex-linked

microsatellite markers and high recombination rates. Genetica [ePub ahead of print].
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4. A prawn or shrinp sex-specific sequence, or a
functional fragnent thereof according to any of the
w@em@caehny cl ai ns, whereby said prawn or shri npChEPDNGES4041
CLRQﬁge famly of Penaeidae. 5. A prawn or shrinp
peci fic sequence, or a functional fragnent
t her eof , accordi ng to cl ai m 4 whereby said prawn or
1& E nfo r(li The use of a PCR-based
&ré‘ 063 é’f‘BPﬁ%‘ﬁ%eCH?ese%Q i prawns and shrinps. 7.
2Tl7l>emawa o fshamPEBxIspsdiic sejukace, aooprisihg $ECDIDENES on $EQ ID N° 4 or a
\A,?er the a I|f| §d sequence is selected fromthe
%’Efg rfFSPF? 5PTSEQ ID N3 - SEQ ID N4, or a
3f Wnitinctiomal fragragnteiit prénem eoshrinG sebaspadiie setjuencBG@dchraedo claim 2,

k i o4, Wwh by th k
s ST, A AL e oY, e ke
4, (F:)gnRsngsml c{jﬂ@hﬂﬁnpSE@sb&lﬂdzdéequetﬁﬁQol’ 2] fd}?chton& fra’ﬁh&ntjﬂerédf agcording to
2 ed mar ccording,.to any o
WY Sy arrep e e SheRhy B YRl et bMedt e ramiy o
usenaéidae PCR- based marker according to claim9,
5l RS ShmB B Sene Hoh B BT FBgfEalaedf. Sccording to
S letdimp@swharelgpsais pragvneorRoRNade Besaustedrexdon. gatp iC%n 12.
sai

T t hod di I 1, wh b ed

6.5 dDeqBe ! APt PosPaae et it B8 SBY iftpivas and Shmios

7. s@heakecbferﬁRbb@eognﬁag@ acnwdgsg tongaiaf ? St@réty iNg alnpﬂiﬁ"é@ sequence

t hod accordi Al r , .
wfle PERGHed drom BTt darBEs Rt aibt RV SomBl NEE g sfunctional
usegofenathesgpiience sel ected fromthe gr oup consi sting
. SEQ | o SE D f Ll

7 TEPage Sha POR Rareb ik taphina B 4rfl Bron Ha i apy e marker is

1]anﬂp’ﬂf|ed/\/aen@lpyirrma§ selgctagviroont thefgrowpceorsistingen SETsIsN° 1 - SEQ ID
The nmet hod according to claim 14, whereby said

or shrinmp is Penaeus nonodon.
9. The use of a PCR-based marker according to any of the claims 6-8, whereby said

prawn or shrimp is a Penaeus sp.

10. The use of a PCR-based marker according to claim 9, whereby said prawn or shrimp is
Penaeus monodon.

11. A method of setting up a monosex culture in prawns or shrimps, comprising a PCR-
based sex determination.

12. The method according claim 11, whereby said PCR-based sex determination
comprises the use of primers, selected from the group consisting of SEQ ID N°1 - SEQ
ID N° 2.

13. The method according to claim 11 or 12, whereby said PCR-based sex determination
comprises the use of a sequence selected from the group consisting of SEQ ID N°3 -
SEQ ID N°4, or a functional fragment thereof.

14. A method according to any of the claims 11-13, whereby said prawn of shrimp is a
Penaeus sp.

15. The method according to claim 14, whereby said prawn or shrimp is Penaeus

monodon.
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